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The changes produced in the skin of man by
the pulsed ruby laser have been reported previ-
ously. 1, 2, The tissue changes are related to skin
color, the type of laser used, the energy density
and the duration of the laser impact. With the
pulsed ruby laser, the duration of the impact is
in the order of 0.001 second. A new technic called
Q-switching produces laser impacts of high peak
power outputs with the duration of the impact in
the order of nanoseconds. There is considerable
interest in the type of tissue change produced by
such power outputs of such short duration.
Opportunity for such experiments was provided
in the study of the beam impact from various
lasers on the tattoo of a volunteer (a 43-year old
Caucasian male). The test area was a dark blue
flower tattoo on the flexor surface of the left
forearm. The dye used was not identified although
many tattoo artists use indigo and Campeachy-
wood for blue tints. The tattoo provided a means
of increasing the absorption of the laser energy.
A portion of this same tattoo had been impacted
previously with a pulsed ruby laser of 60 joules
exit energy, focused to a target area of 0.01 cm2,
giving an incident energy density to the skin of
approximately 6,000 joules/cm2. (The output wave-
length was in the region of 6943 A and the pulse
time was approximately 1 millisecond.) Another
portion was impacted at 30 joules at 10,600 A from
a neodymium laser. The beam was again focused
onto the target area, giving a total incident energy
of 3,000 joules/cm2. Recently, impacts have been
done with 320 joules exit energy of a neodymium
laser and 270 joules exit energy of a ruby laser.
These values of the incident energy give no measure
of how much is absorbed and how much is reflected.
Reflection in certain cases can dissipate as much as
50% of the incident light. However, in this particu-
lar case, with the strong absorption qualities of the
blue dye in the tattoo, a realistic figure for light lost
due to reflection would be in the order of 10% to
15%. Studies of biopsy specimens of these target
areas after impact showed non-specific superficial
and deep necrosis with retention of some of the
tattoo material deep in the dermis. There was baso-
philic degeneration of the collagen of the dermis
in a broad area.
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In order to compare these effects with the effects
due to a Q-switched laser impact, a portion of the
same tattoo was exposed to both focused and un-
focused beams from a Q-switched ruby laser whose
total power output was approximately 10 mega-
watts delivered in a multiple spike sequence (Fig.
1). The unfocused beam area at the target was
approximately 0.9 cm2, while the focused beam
area was approximately 0.01 cm2. Impacts were
made directly on the dark tattoo and on the edge
of the tattoo. Control impacts were made on ad-
jacent normally pigmented skin. In the case of the
focused impacts, there was no difference grossly in
the impacts on normal skin and on tattooed skin.
There was a shallow, 2 mm charred crater at the
site of each impact, followed within two hours
by a circular peripheral ring of superficial hemor-
rhage, 4 mm in diameter. The hemorrhage took
eight days to fade and a slight depressed scar was
still barely visible at the site of the crater forma-
tion after one month. These areas were not dis-
turbed in order to achieve long-term follow-up
observation.
The differences in the unfocused impacts were,
on the contrary, quite striking. The impact on
normal skin produced only barely visible super-
ficial charring. On the tattoo, however, the impact
produced an immediate completely white blanched
area, 6 mm in diameter. The blanching appeared
similar to that produced on the skin by liquid
nitrogen. The white zone gradually faded within
30 minutes, leaving no obvious damage except
edema which appeared slowly over a two-hour
period and which, at its height, was 3 cm in
diameter. (Fig. 2) Pain from the impacts of theQ-switched laser was in all cases mild and tran-
sient. The swelling in the tattoo area subsided
completely in eight days. (Fig. 3)
Sections of a biopsy specimen eight days after
impact were stained with routine hematoxylin-
eosin and with Alcian blue PAS counterstained
with hematoxylin. The biopsy specimen showed
only occasional balloon degeneration of cells in
the epidermis and areas of spongiosis. There was
extensive edema in the upper dermis, especially
marked around collections of pigment. (Fig. 4)
Glycogen was not present in the epidermis in the
impact area.
Since we had not observed such reactions before,
these experiments were repeated again under local
anesthesia. Prior to impact, a thermistor was
inserted into the skin, approximately 5—6 mm
below the surface and 2 mm equi-distant from
Fm. 1 Blue tattoo on forearm immediately after
impact by Q-switched ruby laser, 10 megawatts
peak power output, target area 0.9 cm2, showing
broad white zone.
FIG. 2 Twenty-four hours after impact with Q-
switched laser, showing disappearance of white
area shown in Fig. 1.
FIG. 3 Twenty-four hours after impact with Q-
switched laser on white skin, showing small red
crusted area.
the target areas in the tattoo and the white skin.
The areas were impacted with a Q-switched laser
and approximately the same power outputs. Again,
this transient white area in the tattoo was ob-
served. With this crude arrangement, a maximum
rise of 1° C was found on impact of both the white
skin and the tattoo skin.
Two other areas were selected on this patient
and impacts were done with a non-Q-switched ruby
laser, with a target area of 0.9 cm2 and an incident
energy density at the target of 47 joules/cm2. The
usual small necrotic reactions were observed, quite
distinct from those observed in the tattoo areas
using Q-switching. With this non-Q-switched ruby
laser, the thermistor recorded a 40 C rise in the
FIG. 4 Microscopic section of Q-switched area
over tattoo, seven days after impact, showing
changes in epidermis and edema and retention of
tattoo fragments in dermis. Hematoxylin-eosin.
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tatoo area and a 2° C rise in the white skin. These
experiments were repeated again with smaller
thermistors and a smaller temperature rise was
found in the white skin area.
It is obvious that these thermistor experiments
were but rough measures of thermal changes in
tissues induced by absorption of laser radiation.
The slow response time of the thermistor, the
distance from the impact area and depth are some
important variables. These experiments indicate
perhaps that the distinctive results obtained with
Q-switching may not be due to excessive tempera-
ture rise in tissue.
In an additional experiment, one intradermal
nevus and one mixed nevus of brown color, each
approximately 025 cm in diameter, were excised.
After excision, the intradermal nevus was injected
with 1% Evans blue so that the entire area was
colored. Each of these nevi was exposed to the
same Q-switched ruby laser with a total output
of 10 megawatts. Again, the beam was unfocused
and the target area was approximately 0.9 cm2.
The injected nevus showed the same type of
transient white area reaction as the tattoo. The
other nevus showed only slight superficial reaction.
(Unfocused beams produce larger impact areas
with less energy density than the focused beams.)
No thermistor experiments were done with these
nevi.
SUMMARY
Repeated experiments with Q-switched ruby
laser impacts produced transient, edematous
blanched areas in a dark tattoo of the forearm but
not in the white skin. As yet, the mechanism of
this change in the skin reactions of the tattoo toQ-switched ruby lasers is not known, but the
differences were probably not due entirely to ther-
mal factors.
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